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PURPOSE:To display the image of a long subject to be displayed as an endoscope does, by collecting 
numerous cross-sectional image data of the subject and displaying the data at a high speed after the 
data are reconstituted so that the cross-sectional image data can be displayed successively in a desired 
direction along the longitudinal direction of the subject. 

CONSTITUTION:An image data collecting section 1 collects numerous cross-sectional image data of a 
blood vessel as a long subject to be displayed existing in a body to be inspected in accordance with the 
density information of numerous cross-sectional image data previously collected from the body. Then 
the data from the section 1 are reconstituted so that the cross-sectional image data can be displayed 
successively in a desired direction along the extended direction of the subject from a designated part of 
the subject by an image data origination section 2 and an image data base to be displayed in picture is 
originated. The cross-sectional images of the image data base are displayed at a high speed through an 
image data displaying section 3 and, thus the subject to be displayed can be displayed in picture as an 
endoscope does. 
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SPECIFICATION 

1. Title of invention 

Diagnostic imaging apparatus 

2. Scope of claims 

Diagnostic imaging apparatus characterised as comprising: an image data collection block 
that collects a large number of cross-sectional imaging data on an elongated display entity within 
the subject based on the density information in a large number of cross-sectional imaging data 
previously collected from the said subject; an image data assembly block that reconstitutes data 
from the aforesaid image data collection block so that successive cross-sectional images are 
displayed in the desired direction along the axis of extension of the aforesaid display entity from a 
specified position in the aforesaid display entity; and an image data display block that displays 
endoscopic images of the aforesaid display entity by high speed display of the data from the image 
data assembly block. 



2. Detailed Description of Invention 



[Field of art] 

The invention relates to diagnostic imaging apparatus whereby images of elongated entities such 
as the blood vessels, trachea or digestive organs are displayed endoscopically. 

[Background art and its problems] 

The development of X-ray diagnostic apparatus, nuclear medicine diagnostic apparatus, 
ultrasonography diagnostic apparatus, X-ray CT scanner apparatus, etc, has brought an 
improvement in diagnostic precision in the comprehensive diagnostic imaging of patients. 
Moreover, the advent of magnetic resonance imaging apparatus utilising magnetic resonance 
phenomena has meant that cross-sectional images can be recorded from any desired angle and 
even greater improvement in diagnostic precision has been possible. 

The entity imaged with equipment of this kind is principally an organ. While this is effective for 
diagnosing localised lesions in organs, elongated entities like blood vessels that form a continuous 
system and are multiply branched in the direction of length present a different situation: in order to 
display the entity in the aforesaid cross-sectional image across a large number of cross-sectional 
images, to discover a diseased part such as a stenosis in a blood vessel for example, it is necessary 
to record many cross-sectional images on the axis of extension of the blood vessel, search through 
successive screen images, and successively display the cross-sectional images as though an 
endoscope were being advanced through a digestive organ, etc. 

Apparatus for displaying cross-sectional images one after the other in this way in any desired 
branching direction through a blood vessel does not exist at present, and there is a strong need for 
the advent thereof in the interests of better diagnostic efficiency. 

[Aim of invention] 

The invention was devised in the light of the aforesaid situation and seeks to provide diagnostic 
imaging apparatus whereby images of elongated display entities such as the blood vessels, trachea 
and digestive organs in a subject can be displayed endoscopically. 

[Overview of invention] 

To fulfil the aforesaid aim, the diagnostic imaging apparatus claimed for the invention is 
characterised as comprising an image data collection block that collects a large number of cross- 



sectional imaging data on an elongated display entity within the subject based on the density 
information in a large number of cross-sectional imaging data previously collected from the said 
subject, an image data assembly block that reconstitutes data from the aforesaid image data 
collection block so that successive cross-sectional images are displayed in the desired direction 
along the axis of extension of the aforesaid display entity from a specified position in the aforesaid 
display entity, and an image data display block that displays endoscopic images of the aforesaid 
display entity by high speed display of the data from the image data assembly block. 

[Working example of the invention] 

The diagnostic imaging apparatus of the invention is hereunder described with a working example, 
illustrated in the drawings. 

Fig.l is a block diagram showing the fundamental composition of diagnostic imaging apparatus as 
claimed for the invention. Thus, item 1 in Fig.l is an image data collection block that collects a 
large number of cross-sectional imaging data on a blood vessel as an elongated display entity 
within the subject, based on the density information in a large number of cross-sectional imaging 
data previously collected from the said subject; and 2 is an image data assembly block that 
reconstitutes data from the aforesaid image data collection block 1 so that successive cross- 
sectional images are displayed in the desired direction along the axis of extension of the aforesaid 
display entity from a specified position in the aforesaid display entity, wherein 1 and 2 together 
generate an image data base for the required image display hereunder described. Item 3 is an image 
data display block for displaying endoscopic images of the aforesaid display entity by high speed 
display of the cross-sectional images in the said image data base. 

In detail, the aforesaid image data collection block 1 and image data assembly block 2 are 
configured as shown in Fig.2. Thus, 1 1 is an image capture system such as a magnetic resonance 
imaging unit. Item 12 is an image reconstitution and processing unit that produces the new cross- 
sectional images to be displayed endoscopically as hereinafter described by reconstituting and 
reprocessing the plurality of cross-sectional images already obtained from the image capture 
system 11, and further selects just one of the blood vessels appearing in the cross-sectional images 
for display, producing cross-sectional images wherein only that blood vessel can be seen. 

Item 13 is a storage device holding the direct cross-sectional images from the image capture 
system 1 1 and the cross-sectional images from the image reconstitution and processing unit 12. 

Item 14 is a display for displaying the cross-sectional images in memory in the storage device 13. 

Item 15 is a console for selecting a single display entity (blood vessel) from the entities appearing 
in the cross-sectional images presented by the display 14. 



Item 16 is a recognition unit whereby, supposing for example a single blood vessel in the cross- 
sectional images presented on the display 14 is designated as the display entity with the console 
15, the density information on that blood vessel can be identified. 

Item 17 is a blood vessel vector detection unit that takes successive cross-sectional images from 
the storage device 13, searches density domains in the aforesaid cross-sectional images 
corresponding to given density criteria defined by the recognition unit, and detects the direction 
vector of the aforesaid designated vessel. The blood vessel vector detection unit 17 is able to track 
the interior of a blood vessel by virtue of the large change in density at the vessel walls; the 
direction in which the aforesaid designated vessel extends is thus easily determined. 

When the blood vessel for display is a large vessel, the axis of extension of the aforesaid 
designated vessel can again be easily determined by halved or finely split pattern recognition of the 
density domain consistent with the intravascular region with the aid of the recognition unit 16. 

Item 18 is a vessel vector perpendicular section detection unit that mathematically computes the 
perpendicular cross-sectional coordinates of the aforesaid designated vessel based on the direction 
vector of the aforesaid vessel in each of the cross-sectional images detected with the vessel vector 
detection unit 17; wherein the perpendicular cross-sectional coordinates for each of the cross- 
sectional images are written to the storage device 13. 

Item 19 is an image number counter that sets up an image number for each cross-sectional image 
for which the perpendicular cross-sectional coordinates of the aforesaid vessel have been 
computed. 

Item 20 is an image number organisation and control unit that attaches the pre-set image numbers 
from the image number counter 19 to the cross-sectional images produced by the image 
reconstitution and processing unit 12. 

Item 21 is an image conversion unit that generates a corresponding cross-sectional image for the 
direction vector of the aforesaid vessel by transformation of the cross-sectional image held in the 
storage devidfe 13; the converted images from the image conversion unit 21 are then presented to 
the image reconstitution and processing unit 12. 

The operations whereby the image data base is created by the data collection block 1 and data 
assembly block 2 thus constituted will now be described with reference to Fig.3. Thus, when the 
blood vessel 3 1 is imaged by the image capture system 1 1 of the image data collection block 1 on 
cross-section 32 as shown in Fig.3(a), the cross-section 32 will contain the three vessels 33, 34 and 
35 due to branching of the vessel 31 as shown in Fig.3(b). The only vessel perpendicular to the 
cross-section 32 is vessel 34, which will be singled out as the display entity. 



A cross-sectional image of the vessel 34 alone is then generated by the image reconstitution and 
processing unit 12 as shown in Fig.3(c). Were vessels 33 and 35 to be chosen for display, the 
appropriate perpendicular cross-section (not illustrated) would be specified and the cross-sectional 
image captured anew. When a cross-sectional image of a bowed vessel 37 such as shown in 
Fig.3(d) is to be generated with the image reconstitution and processing unit 12, the image is 
created as follows. Thus, taking the cross-sectional image 38 as viewpoint, a plurality of cross- 
sectional images 40-42 is produced in the direction of the vessel vector 39 detected with the vessel 
vector detector unit 17 by following the vessel vector 39 through each successive cross-sectional 
image. 

Similarly, in the region beyond the bend in the vessel 36, the cross-sectional image 43 is taken as 
viewpoint, the vessel vector 44 detected with the vessel vector detection unit 17 is followed 
through each successive cross-sectional image and the plurality of cross-sectional images 45-47 in 
the direction of the vessel vector 44 is obtained. An image displaying the inner walls of the vessel 
36 endoscopically as shown in Fig.3(e) can then be obtained with the image reconstitution and 
processing unit 12 based on the cross-sectional images 38, 40-43, 45-47 of the bowed vessel 36 
together with the vessel vectors 39 and 44. 

As a result of the aforesaid processing, an image data base such as that shown schematically in 
Fig.4 for example is held in the storage device 13. Thus, Fig.4 shows an image data base from the 
allocation of image numbers to the cross-sectional images of a trunk vessel 50 and branch vessel 
50A, as stored in the storage device 13; wherein the image numbers z have been attached to the 
cross-sectional images by the image number counter 19 as follows. 

Firstly, image numbers z = 1002 to 1006 are attached to the cross-sectional images 51 to 55 of the 
trunk vessel 50. The branch vessel 50A branches from the trunk vessel 50 at cross-sectional image 
53, image number z'=1004; an image number z* one order higher is therefore attached beyond this 
point, giving image numbers i = 1 1005 to 1 1007 for the cross-sectional images 56 to 58. 

The detailed constitution of the image data display block 3 will now be described with reference to 
Fig.5. Thus,'6J. is a storage device such as a magnetic disc or optical disc whereon for example the 
image data base of cross-sectional images of the vascular display entity shown in Fig.4 has been 
stored. 

Item 62 is an image number management and control unit that performs "read-ahead" taking the 
image number z as an index on the basis whereof it transfers cross-sectional imaging data for 
sections on either side of the cross-sectional image displayed on the display 64 described 
hereunder to the image memory bank 63 described hereunder. 



Item 63 is an image memory bank of predefined storage capacity holding the aforesaid read-ahead 
cross-sectional images. 

Item 64 is a display that displays the cross-sectional images from the image memory bank 63 in 
response to a control signal indicating the image number i to be displayed next, furnished by the 
image number control unit 62. Since the image memory bank 63 is configured in banks, it can 
compensate for the time spent in searching and transferring the image data in the aforesaid "read- 
ahead". If the operator specifies the direction in which images are to be displayed with the console 
65 hereunder described, the image memory storing the corresponding images can be selected by 
the display image memory selection control unit 66 hereunder described; the images can then be 
displayed in rapid succession on the display 64. Dynamic display is hence possible. 

Item 65 is a console comprising a keyboard, joystick, track-ball or the like; wherein, when the 
cross-sectional image of the vessel on the display 64 approaches a vessel branch-point, the 
branching direction the user wishes to take is selected by specifying the index of the aforesaid 
image number i. 

Item 66 is a display image memory selection control unit that switches between cross-sectional 
images in the image memory 63 based on index selection from the console 65. 

The number of images whereon read-ahead is performed in the above operations is determined by 
the relation between the time required for data search and transfer via the image number 
organisation and control unit 62 and the time required for image switching in the image memory 
63 via the display image memory selection control unit 66. 

The console 65 is here configured so that when no new direction (branching direction in which it 
is desired to display images) is input, the images in the direction of the cross-sectional images 
currently being displayed are displayed in succession. Provision is also made for halting or 
reversing the image display by fresh input operations from the console 65. 

So that the aforesaid reverse order display of images can be achieved, the capacity of the image 
memory 61 is,set so that the image memory has both the capacity for the required number of read- 
ahead image frames and the capacity for the previously displayed images frames (the same 
capacity as the aforesaid read-ahead capacity). 

Referring to Fig.6 and Fig.7, an example will be given of the indexing needed to access the image 
data base shown in Fig.4 with the image data display block shown in Fig.5. 



Thus, consider the image number i = 1004 (cross-sectional image 51) in Fig.4. The index 
accessing this image will hold the index starting address for i = 1004, namely a pointer 71 to i = 
1004, along with a pointer 72 to the index of the preceding cross-sectional image 52 (image 
number i = 1003) and a pointer 73 to the disc sector 74 where the image data for the cross- 
sectional image 52 are held, as shown in Fig.6. 

The index of the cross-sectional image 53 (image number i = 1004) at the branch holds the pointer 
75 to the index of the cross-sectional image 54 (image number i = 1005), i.e. the image displayed 
next, together with a pointer 76 to the index of the cross-sectional image 56 (image number i = 
1 1005), a pointer 77 to the index of the cross-sectional image 52 (image number z = 1003) 
previously displayed, and a pointer 78 to the disc sector 79 where the image data of the cross- 
sectional image 53 are held. 

Likewise thereafter, the index of the cross-sectional image 54 holds the pointers 80, 8 1 and 82, 
while the index of the cross-sectional image 56 holds the pointers 84, 85 and 86. Items 83 and 87 
are the disc sectors referenced by the pointers 82 and 86. 

Where the display entity branches, the index may also contain index pointers such as shown in 
Fig.7. The aforesaid image data base is accessed on the basis of the foregoing index and the data 
are displayed at high speed on the display 64 of Fig.5. 

The display operations in respect of the index of the image data base shown in Fig.6 will now be 
described with reference to Fig.8 and Fig.9. Fig.8 shows a more detailed example of the 
constitution of the image data display block in Fig.5. Fig.9 shows a more detailed example of the 
constitution of Fig.8. In Fig.8 and Fig.9, the image memory bank 63 of the image data display 
block shown in Fig.5 has the image memories 63A1 to 63A8 configured in parallel while the 
image number management and control unit 62 is constituted by image number management and 
control sub-units 62B1-61B8 corresponding to the aforesaid image memories 63A1-63A8, and an 
image number management and control master unit 62 A that manages and controls the sub-units. 
The time required for data transfer is here set at twice the time required for switching among the 
image memories 63A1-63A8. In other words, the number of image frames read ahead is two. 

Suppose the image 52 (image number i = 1003) held in the image memory 63A3 is being shown 
on the display 64; the memory is then switched by the image number management and control unit 
62 so that the image 53 (image number i = 1004) held in image memory 63A4 is presented to the 
display 64 instead of the aforesaid image 52. The images previously displayed, namely image 51 
(image number i = 1002) and image 52 (image number i = 1003), are meanwhile retained in the 
respective image memories 63A2 and 63A3 in readiness for the aforementioned reverse order 
display. 



When the image 53 (image number i = 1004) held in the image memory 63A4 is being shown on 
the display 64, the image 54 (image number i = 1005) and image 56 (image number i = 1 1005) 
have already been read ahead into the respective image memories 63 A5 and 63 A6; the image 55 
(image number i = 1006) and image 57 (i = 11006) held respectively in the image memories 63A6 
and 63 A7 are then transferred. 

The image memory bank 63 holds the images of the trunk vessel 50 and the branch vessel 50A in 
Fig.4, and unless at this stage the operator issues an instruction to display the aforesaid branch 
vessel 50A with the console 65, the image of the trunk vessel 50 currently displayed, i.e. the image 
54 (image number i = 1005) held in image memory 63 A5, is transferred by the display image 
memory selection control unit 66 and presented on the display 64. 

When the operator issues an instruction to display the aforesaid branch vessel 50A with the 
console 65, the image of the branch vessel 50A branching from the trunk vessel 50 currently 
displayed, i.e. the image 56* (image number i = 1 1005) held in image memory 63A6, is transferred 
by the display image memory selection control unit 66 and presented at the display 64. 

Likewise thereafter, the display image memory selection control unit 66 switches between 
memories in the image memory bank 63 in response to display instructions from the operator at 
the console 65, the relevant image data are transferred and the images are presented in the 
direction desired by the aforesaid operator at the display 64. 

The action and effect of the working example constituted as hereinbefore described will now be 
explained. Thus, by virtue of the constitution in Fig.2, the image data collection block 1 shown in 
Fig.l collects a large number of cross-sectional images of, say, a vascular system comprising a 
trunk vessel 50 and branch vessel 50A such as shown in Fig.4 via the image capture system 1 1 of 
an MR imaging apparatus or the like, whereupon the image data assembly block 2 attaches image 
numbers to each of the aforesaid cross-sectional images. An image data base with the requisite 
index set up on the basis thereof is generated and held in the storage device 13. 

By virtue at the constitution of the image data display block 3 shown in Fig.5, the operator 
specifies the direction, of display (the trunk vessel 50 or branch vessel 50A) of the images to be 
presented to the display 64 (the cross-sectional images of the vascular system comprising the trunk 
vessel 50 and branch vessel 50A shown in Fig.4, held in the storage device 13) with the console 
65. 

Memory switching in the image memory bank 63 is then performed by the display image memory 
selection control unit 66: based on the aforesaid index, the image data bearing the image numbers 
shown in Fig.4 that are held in the storage device 61 (corresponding to the storage device 13 in 



Fig.2) are successively written to the image memory bank 63, successive data transfers are made 
by instructions from the aforesaid display image memory selection control unit 66, and the images 
desired by the aforesaid operator are presented at high speed on the display 64. 

Accordingly, it is possible to achieve a dynamic display effect whereby the view gradually 
progresses deeper through the blood vessel as the operator wishes, just as though an endoscope 
used for gastroenterological diagnosis were advancing through the vessel; and a still picture can be 
presented at whichever point the operator chooses to stop during display. 

It is hence possible to conduct dynamic diagnostic imaging of vascular systems in the same way 
that gastrointestinal or oesophageal lesions are explored when viewed with an endoscope; diseased 
parts of blood vessels that have suffered stenosis, infarction or occlusion can easily be discovered 
and the precision of diagnosis by diagnostic imaging is enhanced. 

The invention is not limited to the aforesaid working example. For example, the image data 
display block 3 shown in Flg.5 may also have the following functions. Thus, the block may be 
configured so that when the operator specifies the desired images in the image data base stored in 
the storage device 61 by operation of the console 65, a three-dimensional display of the blood 
vessel based on these images is presented as shown in Fig. 10 for example; wherein it is possible to 
show the internal and external condition of the vascular walls by subjecting the images for display 
to image processing that combines a number of processing operations such as three-dimensional 
rendering after extraction of image outlines, etc. 

Provision may also be made so that, based on the image numbers of the desired images in the 
image data base stored in the storage device 61, the relative positions within the body of the 
images displayed on the display 64 (the cross-sectional images of the blood vessel) are presented 
three-dimensionally as shown in Fig. 1 1 for example. 

As hereinbefore noted, cross-sectional coordinates are assigned to the image numbers of individual 
images as information on the image position in the body, in image data collection and image data 
assembly for example; these constitute pointers like the index of images and an information index 
richer in information may be composed therefrom. Furthermore, provision may be made to 
perform a variety of image processing on the image data as after-processing, for example by 
processing within the ROI (region of interest) or between-image operations such as subtraction. 

Again, the image data assembly block 2 may be configured to enable even faster display in the 
succeeding image data display block by simply taking the cross-sectional images as individual 
frame image data, rather than performing further image reconstitution of the cross-sectional 
images. 



Furthermore, cross-sectional images from X-ray diagnostic apparatus, nuclear medicine diagnostic 
apparatus, ultrasonography diagnostic apparatus, X-ray CT scanner apparatus, etc, and DR (digital 
radiography) images and DF (digital fluoroscopy) images may be used as images obtained from 
image capture systems other than magnetic resonance imaging apparatus in the image data 
collection block 1. 

Although blood vessels served as the display entity in the above description, the invention is not 
limited thereto provided an elongated display entity is imaged. 

The invention can be practised in various other modifications so long as the modifications adhere 
to the essential point of the invention. 

[Benefit of invention] 

As hereinbefore stated, the invention is constituted by an image data collection block that collects 
a large number of cross-sectional imaging data on an elongated display entity within the subject 
based on the density information in a large number of cross-sectional imaging data previously 
collected from the said subject, an image data assembly block that reconstitutes data from the 
aforesaid image data collection block so that successive cross-sectional images are displayed in the 
desired direction along the axis of extension of the aforesaid display entity from a specified 
position in the aforesaid display entity, and an image data display block that displays endoscopic 
images of the aforesaid display entity by high speed display of the data from the image data 
assembly block. It is therefore able to provide diagnostic imaging whereby images of elongated 
display entities such as the blood vessels, trachea, and digestive organs in the subject can be 
displayed endoscopically. 

4. Brief Description of Drawings 

Fig.l is a block diagram showing the fundamental constitution of the diagnostic imaging apparatus 
claimed for the invention; Fig.2 is a block diagram showing the detailed composition of the image 
data collection block and image data assembly block in Fig.l; Fig.3 is a diagram explaining the 
operations whereby an image data base is generated from the image data collection block and 
image data assembly block in Fig.2; Fig.4 is a diagram illustrating an image data base for a 
vascular system; Fig.5 is a block diagram showing the detailed constitution of the image data 
display block in Fig.l; Fig.6 and Fig.7 are diagrams each illustrating an index for accessing the 
image data base shown in Fig.4; Fig.8 and Fig.9 are block diagrams each showing a more detailed 
constitution of the image data display block shown in Fig.5 ; and Fig. 10 and Fig. 1 1 are diagrams 
respectively illustrating other working examples of the invention. 



I. .. image data collection block, 2... image data assembly block, 3... image data display block 

II. .. image capture system, 12... image reconstitution and processing unit, 13... storage device 
14... display, 15... console, 16... recognition unit, 17... vessel vector detection unit, 18... vessel 
vector perpendicular section computing unit, 19... image number counter, 20... image number 
management and control unit, 21... image conversion unit 

61... storage device, 62... image number management and control unit, 63... image memory bank, 
64... display, 65... console, 66... display image memory selection control unit 



Agent for Applicant: T.Suzue, Patent Attorney. 
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Fig.2 

11: image capture system 

12: image reconstitution and processing unit 

13: storage device 

14: display 

15: console , 

16: recognition 'unit 

17: vessel vector detection unit 

18: vessel vector perpendicular section computing unit 

19: image number counter 

20: image number management and control unit 

21: image conversion unit 



Fig.3 
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Fig.5 

61: storage device 

62: image number management and control unit 
63: image memory bank 
64: display 
65: console 

66: display image memory selection control unit 



Fig.6 

71,72,73,75,76,77, 78: pointers 
84,85,86: pointers 
74,79,83,87: disk sectors 



Fig.7 

75,76,77,78: pointers 
80,81,82: pointers 
84,85,86: pointers 
79,83,87: disk sectors 



Fig.8 

61: storage device 

62A: image number management and control master unit 
62B1,62B2,63B3: image number management and control sub-units 
63A1,63A2,63A3,62A4: image memories 



Fig.9 

61: storage device 

62: image number management and control unit 
63A1,63A2,63A3,63A4,63A5,63A6,63A7,63A8: image memories 
64: display 
65: console 

66: display image memory selection control unit 
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. tt "F v *« «.(C J: a B»»R« fi * B M (C ifN 

ssinnjjanj. bp's, » 1 a ic as ^ 

X, 1tt»***6?»IR*-Snfc#RC!)RB» 
x-2©aK«ffiCSS±ESfcttrtlC#£TfS 
SRttB«)ji8*i bXllilg©Rffi»x-*££ 
RiR**ai»r-*'lR*SI5X-«t), 2H1ES 

!&^fcMa»isiic)aarRBaassna«fc-5ic± 

EB»t-^IR*8|!1 »60f-J«Blj!1-J 
ISSSf "! # H »f-M-^ilfl)JJ(i«. 

sBCBiif-M-^ioiiiftj, mmm* 

*3C£X±Ea*ttft©rt88Bftli§!a,Tx$r 
tr ft 5 B - * a X- « 4 . 

± e i tt x - * iK * si 1 a xr m $ x - » ft « 



T ^ J . JP 5 , 1 1UBSft8-f^-J>>?Sa 
fOIK^fiTSS, 1 2B«ia5->^xA1 
1l!>>6IKICfil6nfcRtt©«flS«!©#«$, Rffi 

a^iTftbctic^o^iita^^ftrt^ttMic 
RSt^tcaonx^a i ootsetfj ssa 

RS*«4it5I«iSlJ«li8ITS5„ 

1 3 tt »J K -> 2 x A 1 1 ^6©B«©RE» 
Slf, 2#6©RHft#fi 

HinssisiTSi. 

1 48, COEtilB'1 3CEi*nT^8 

1 5Bx-f^7U-<1 4(Cg,TiSnfcRE« 

c « t) n fc a a? » « o x- 1 © a.* » ft ( nn s ) 

1 6lt3>V-*«I1 Bic^tax-f^ru 

-c » a 1 4c«ssnii:iiBi»csiHasss 

tl'tBiKI *©iii»*lt'»£Sn/!:fS-*t, 



1 7 « E tt 8 B 1 3fr6IO?fcRffi»£8!&A, 

x- , . a a g a 1 ec^osa^sn /=»£©»«» 

¥lcfiaTa±Effiii*ftfcREft(c©j T aaK 
fl 8 £ 8 3R U , ±E»S6*nfciftfi©35itj^^h 

rtifi^^h;i/ttfflgBi 7xb, ifimiKs 
ft#**(f>fc»iiiiSrt*j63TiT<c:i#Rr«x 
•« o , saciEJSss^nteniigcffs^isi/ita 
f}h4. 

X , ^OiHHf^^hA/ttUlKBI 7 T II , 'i 
w»«©iJi«!B!*^idtt, BaSB16IC*i3 

^Srts*4:s»nsaa©ai»s2«ftXBiB 

1 8ttjfoe"v?Ml/&ffl8B1 7 tc «fc «3 «t ai 

s n fc # r «B a ic « »t * ± e » s © mi s © » la 

* HA/Cas.-R*6Sl(C±Eiliiff©SeRffiff« 

zwrn-f* fas*? h4/SBRB«taiKax-a50, 
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SR®»lc*fJSbfc£BRffiffi8(tfE«8K1 3 
C S & * n 3 „ 

» »r ffi « C , ISf gSS^tsi«#§fl^> 

2 r « a . 

20Bilt|#A')>ji 1 g^e^sis 

a«s*siisaigiai 2 ? <t $ s n fc r 

2 1 BEIISai 3 (CEKanT^atffflft 
ftKffi««0T±EltlSf©7j|fc»C'£ MKCjtflSU 

ft £ ± E « «©T-fiR*®1 Rtff-}(t 

•3^T«3B«tiaoTSfflt3i bp 5 , m»r 

-flR*S!1©a5B->^xA1 1 C J: 6 I 3 B' 
(a) (C/^-r«fc5ICJiifi3 1*!Rffi3 2T-»R-r 
& t , 56 3 0 (b) ICS* *3C483 1 (D96 
ICJ:i3 3*©Jhe33. 34. 3 5 itfcK«B 
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3 2 £ o T l,V a . CCfRI3 2lCi5lUTiI 
S:Ottililg34T-«!3, C©Jiig34*a^»a 
itJ. 

* C , B«ff»$JB3IiSEi 2 IC * t> « 3 B 
(c) Ca*rj:3lc:j4ig3 4£tt©BrBBft!St£a 

£ a 3 . « s » « ft jdi.e 3 3 . 3 5 t 

«*«M8R« 1 2 S3 SI ( d ) ICS* 

BttTO«fe'5ICLTfT*3n*.;IP6, ffi ffi ffi 3 8 
ftJgjStb, C©Rffi{fe38JS>S, ifil g ^ :> h ;i/ 
& ffl K B 1 7 C <fc 9 «& ffl iS n fc ilii g Mb 3 9 
SIIISSlCBicloTtTt, d © iti g ^ ^ |- 
^ 3 9©^i6llCttH*aftttOREtfe4 0-4 2 
.ft )9 2. . 

AS360fttfoteit©S!»T-B, R 
EBfS43ft«jSi:U, C©-Rffifc43A>6. ifo g 
HHJffiUBl 7 (C J; 9 ffi S n fc Mi © ^ ? 
H^4 4t«KBi»«IC«Ci65TffS, CO* 



t~ A> 4 4 ©?3(6](CfeiB*SBitt©K(B»4 

5~ 4 7 * 9 6 tl5. fbT, l»tfofcitog36 

®KII 3 8, 4 0 - 4 3, 45~47&tfi4ig 

^^^ 3 9, 4 4 CSSIH|()(!ai8B1 

2 <C J: t> S 3 0 (e) IC;S-$-J:3&ifiig3 6©rt 

S n 5 „ W 6 , »40T-«. E«SK13tC£ 

JftT^SCtJSbT^J. C © S 4 0 (C <0 (,-> 
T, lft#*t 1 9 ic <fc .5 & R M Si ic»* 

*B»«« i ©#U73tt«T©J:-5ICffton5 0 
W6,i«©itifi50©»K»5 1--55IC 
.8 0, SitSI- 1 0 0 2 ~ 1 0 0 6 #ffSfi, 
#«©iGig50A«RffiS!53 ;illf}|-i 

004©«»?#K0Tv«a©T. iiff iu 

1l6J:i(l#(}StlTiIi56-58ICMHI 
« 3 i =1 1 005- 1 1 0 0 7 UoT^4. 



■»CBi«T-*aw»3©B«.ft*aicot> 
«S40lCwtfgSftSfci:OTrtig©Rti|fe©H 
tt*r-f^*«?©E18SlT-i6a„ 
•Of-; J7IC8*, «at4f 07U-f 64 

Gas*nT^sKK*©ia«©RK**»i£* 

'i^^-5)(tyS63,ICf-'>6g.t5 1 J» a , 
" ft K # " *fi431ftf g|IB|l|lglT-S4. 

63tt±EJfcK**nfcR(Bj6^/rS-E«* 
SBr£©E«Slft#Ufc-<^-5J3(^y»T« 

64fi^^-J?)(t ij{f63*608II» 

ft.'ettc^tdneie 2*»64Fa.6n*atca 

S*^JI»«f i ft S 0 fc 0J » g J| (C » i* » * 
^Sx-f^yU-fT-feS. CI d T" , ^ )l - f 
U B 6 3 B » « «;s n T ^ ft © T , ± E " ft SS * " 



S a t 5 3 > y - ^/ 6 5<CJ:9a^bfc<f>:filB!£ 

- ?> f !) B , <& •£ t % m * -f >< - ? * =E 'J W % 
2.MHPg'B66lc«fc0«J»a.sc:i/i!T£, x -c 
3 r n- 6 4±(ctt8»icEK#ft*c$a*'e$ 

6 5 -K , ^ai'^T-ri'^. H 7 

~j ? if - JUi !) ft 5 ^ > y - Ji/ 1 S t) t •< 3 

X^6»»C8»i!i , 5tet*C. « i l- fc ^ » K 
7? ifa £ ± K 1« t *§ i «Of>neSllcJ; 
9 fr ft 3 t) © X ® 5 . 

66B3>y-*65»5«Ofi'^)6 

•5 . 

± E ( tc s^x, jtR**taiije«D»a,'ii 

«!#*§«!« tiJWlia62*fl-l,Tf7fcn3T-:S< 
8S sR , f-M8t:8t5BBi, « i -f )i - 5> 
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-?)it'J 6 3 0B*«D*a.lCg*aRFHtC!)B8 

. S fc , 3>V-/l'65«)S#T-li, & ft X 7J 
l«S A ft (IISSLfc^aKSiSi) tfAASftft 

*3Btft-<jtassnac:tc&*.-!iic, B ft a 
5? © f? ih , llfrStta»T3>y-*65*>5 

fc » (C > - i? y €• 'J 6 1 BJXT©SD<S«K£ 
HSiStl3i«Oft®S«SI (IE 

? 5 . 

& a? c fs 5 ® £ m? m» t - ■$< mmm\c £ 

BPS, t&40IC;B i - • 1 004 

( r as * 5 1 ) calf 5t, ;n*'?n;t 



SOf^ntt, I61IC3inH i =1 0 

1 0 0 4 /<s © ;1W V * 7 1 <t , #«u©KntS52 
(I«l?i = 1 0 0 3 )«)Of>5^M!)* 
0*72i. C©1SII5 2«)iif - J#t5 
tt3fiT^5f-f7i>l«74MSiS-f>f 73 

»KLTt->5ai»©Biffl.t45 3 ( B ft S € i 
=-1 004) (OOf jJJtt, ft^icg^sn 
5I».X-«5IIS54 (Iftl« i =1005) 

(lit § i - 1 1 005) fflOf J^MJ 
76i, iXffi(C^SSnsiiSS»5 2 

(I8ISI- 1 0 0 3) © -f > r ? ? ^ © * 
^>>77t, C©Bil»53©l«T-^tf*S 
MJ«in<5f^^l79MIIi|!-f>578 

BTia«eOTMBB«5 4 © -f > t ? ? * t* 
#r/J 8 0, 8 1. 8 2 JtL, IK BE ft 5 6 © 
■4 -j? -9 9 * it tf. -f > i 8 4 , 85. 8 6 «tl 



X 3 „ lCX8 3, 8 714, *OJ8 2, 8 
Sfc, »K-!faBll»Cj8UXB, !71ICi 
S o T 6 i ^ , KlOfifft-fVxi'S'^fCJS^X 

lEiftf-H-^oynj^^n, |g 5 
0©ti'X7H' 6 4 cBaaw^ns. 

•>x-y ^^©*^tC3^X©a/Txl!)ffS-|g8iaS 
ff.I9Bf $8Bfctar5BIC 
SJIIIif-f«S»«)36i:Sift«l!HII*S 
U T ^ * . S9B«M8H©d6'lcK»ftflljR9l 
«SlTt'4. I8BSffi9IGfi^T, 8? 5 
0CSfI»r-*Sg»iO-Y>t-?XtUS6 
Slt-f^-J'Jlty 63A1-63A8#/<5I/ 
/HClUJti, B*SSS«M«l»B6 2'B±E 
8-fX-?n'J 63A1~63A8(C**HlS 
UTfflB«*«fifflMW«B62B1~&2B8 
£ , cn5tfiIHIPti±Iftfffilt!l«K 
■62Ai#BII«SftT^i«OiJS. C 
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£ T- , f-*(ESICIt6fiBB, -< * - V * ^ 

'J 6 3 A 1 ~63A8ffl»^ICf t5BIC2(B 

■V & & £? % , OJt), JfcR***H»9'ftRtt 

2 ft X- «" 4 . 

•f * - * t y 63A3C8M*hT^4I 

ft 5 2 (iiigi= 1 0 0 3l#f^7N 

Ba«»8B62(CJ:!3^tylj))!i^i)iSin i 
^-5HU 63A4tfi#iSnT^5iS5 

3 (iSf 9 I - 1 0 0 4 ) #JtEi*5 2Cft 

^tiitittfilCSSJntlft, BP S , i ft 5 1 
(Bft3*§f=1002) , 1152 ( i ft « 3 
i =1003) tt * * . ± i£ b fc a? j| (c « * x 

•f^-?^f y63A2,63A3IC8lliLT6 

< . 

X * U 63A4IC8(H*nT^4I 
ft 53 ( 1 ft 3 *§ i =1 00 4 ) #t 4 W 4 

64icits<*nx^.g>i:i*ic, st ic B ft 5 4 (B 
ft 3 f§ i. = 1 0 0 5 ) , S ft 5 6 ( S ft 3 *§ i = 
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noo5)s**^-^fg 63A5i 6 

3A6_ICICiEtt*$nT«Q, ifc i? IC , -f * - *? 
X * 'J 6 3. A 6 . 8 3A7*«C«H4ftT^4 
fi ft 5 5 (I«iSi = 1 0 0 6 ) , B ft 5 7 
( H ft 3 f§ i -1 1006) Jif-56iJ(iJ 

K«tt4iS?)lg50i, »Kc?Jiig50At 

t±E»«<Diiifi50A*niaf;j4i(tijg* 
* § * * ^ ® t> « , asssshTusijfon, 

If 5 0 © fi ft , BPS, X-5Xt:j.63A5C8 

»snx^is»54 (itmi- 1 0 0 5 ) 

#»«^>-J?3l : EyBllJl_l!WK166CJ:t)' 

r - * e » a n , f^7i/Y64ici,jfns, 
B5.0A«i*fir jgmi^e§ij ti $ 

#K®iii85 0A©Hft, BPS, ji-jjifije 
3A6C8M4nTl'iI*56 ( S ft 3 *t I - 
1 1 005) #«*<f*-?*«yttlll*MIIK 



B66CJ:!5f - *6aSft, rt'^7H'64 

iB*K'(fi:j:!J, am-f^-?y tijai!^.*) 

* £ fir ft v , tiOiif-JJf-ifillxi 
e « s a * a ^ la © h * r ■< ^ 7 u -< 6 4 

» a? IC, ±'KOSD<fliaSfc*jlMMOflF"ffl 

ic^^Tsuits. bps, iiacstuif- 

>KI»lTti, »20O|glC < tt) > MR^ 

^.li'JS40lCS'J-J:5ftil$©]lllg5OSU : »e 
© A 8 5 0A<k.9ftaifli8J&©gijEft*£StiR3s 
U, lft7 ! -*<t«»2T-«;±-KBt(Bft*<ricB 

1811 3G»M*ti« . 

B ft f - * S * » 3 X- fct , »5glcij-M^ 
tc J: 0 , Ki«i3>v-»«65t:it), 7\-c .a 7 



M64CSiUfc^il (SSSB1 3 tc « «. 
£ n fc 3T 4 BC.StiROiS5 0 » •# R © jfo 
85 OA J:0ft«iB.JRO.R«fc) (oas^fi 
(£8©ifiifi5 0a^tt, »K«)iB5 0 A) S 

is £ * a . 

RB66CJ:B^y-?Xfy»63CjlfU«l 
.» i« trft^, -f^-?^fiJS63C±E-f> 

is m h-1 3 ic ® m t s ) c *s *s a n t trva a 4 a 
cs.tii#*««i/,fciif'-> i jissiiii 

Jb' 6©»*GJ:!3liatT-fe.SSn, ±.E « # 
©ifi2©fift#x-< 6 4 e « » s * a n 

•5 . 

(t'.T., flOIilCi!), Ift fi * .45 fc *> 
«<rG«©»IC3iA,T?ff<J:5ft»W'ft*3?S»« 
t^iC5T»'itiitiLi*T«*.. 
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uiicinif, bib, sasffl««fai*rt« 
ens. 

*8«tt±B3IJSffilCIH£<*nat>©-i?l3;ft' 
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^7H64C'SSihT^4il (Klie©MH 

«}'©±*rtica5tfaffl)tjttji*, ffl a. « si 1 1 

ECSti^ C3»!7tSStS*5 IC U T t> <): lr> 
± 3£ b <fc 3 IC , £ B ft © 1 ft « 5 C ? ©.-B 
«<04**:ieysffil««i:bTB!IS.tt, i ft x 

- * © rc * , ffl«x-^©ff«©fS(cRffisa..s 

£ 8 fc , ilflOryntBIIHr,'* 

f-JICJtllliiHR0 1 (N6SM) flffll. 

«SBffl£bT©ll*©B»fflffi*(7ft3J:3Cl. 
T t i t\ 

SSJ 5Cg»BI«t4Ct«*f > W C 1 

:tioiif-?H, KB!)iif-fasil 
sec g»x-fiR*aii ic e i-> t a , a 

S £ » -C >< - ?>yRIK»CIS'^TA#6 
BBtiSIliU, X 18 8£ IK IS B , Ig^BI 



tc <fc •& ffi E ft , & If D R (f?J*7yt?57 

4 ) DF ( x ? 2 ^ 7 /U # □ ? 5 7 -f ) ft £ 

± 53 (C e ^ T B iti fi £ £ jfs *t ft t b fc # , S 

*RWB±E«*lc*8iPJ©Hl*»B2Lft 

C8W©3»8S) 

U±a/<fcJ:5lC*«KKJ;nii; » ft ft 
S^ftiR'jdShte'^ftORffiSlx-fOBItfta 
ca*±K»ftftrtC#4*SgRtt©lSS*lft 

t \ ±!2«*a«©ffi;£ilffifrS±E3lSS*t«© 

5 <fc e> C ± SB "ft x'- * K * » *> 6 © x - S 
«StSIS'7-5(fMi. C©lfcx--*fF 

t)^H»iiiSi$ ft -to. 3 ilf-i*S» 



t *> 6 « « o fc •© t- , * » ft © jli « , as, fg ft; 

3 ffi % Sift 82 ffi'S b ir 5 c t » x- 

* -5 . 

4 . B ffi © HI ¥ ft 8H S3 

» 1 BB*£Hlc<fc&BftI»ffi8B©l!ian 
ftiStSJ-TnyJB, SI 2 B B SM H ICS 
$B«x-*lR*aiS&tfBftx-*ft$8l!©5f« 
•*««SSf 7Dy*i, S3BB*2BE«tf 
SBSx-^IR^WaifBftx-^^^iilCfcQ 

'© H , »4gtti4i@«©Hf8x-*^-2©-f8 
& fc»©B, »'58U11 BCS'irsi 
ft x - 9 m m » © Sf ffl ft ft $ $ * ? 7 o v ? B , 
85 6 B R If 31 7 B B * <<? H 4 Hic^lTB*x-# 

£!HWirsfc«>©l2, a8B&rfM90B*>!fSB 
5BCS*Bftx-*£3N-SII©E*6(C5f«ftft0S 

* S 7 □ y ? B . SB 1 0 8Stf 1 1BB*<i 

* s « © « © ft « ih « si B 3- a fc » © gf«4. 
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1 - ■ * r - * IK * » , 2 ••• B ft x - 2 flf /8 
HE . 3-Ilf-JiSfi!, 1 l-llfJii, 
1 2-l»H««!B««K, 1 3 - 53 PI, 1 
4™f 15-3>y-)V, 1 6 - B 

»$S8, 1 7 - jib fi /< 0 h JUS tfj £ B , 1 8 - Ml 
g/*?Ml/SBKBBWUiRB, 19™iSf§J 
9 > * . 2 0 ••■ B ft S * S S fiJ Ml S B , 2 1-1- 
M^^B, 61-EiSB> 62-iliHi 
IHVfiE. 6 3 - i 1 * - i> * * y W , 6 4 "■ f 
* 3 7 W , 6 5 - ^ > y - ;u , 6 6 - S S 
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